ABSTRACT: Introduction and objectives: Elastic resistance has been commonly used in the therapeutic and fitness setting. However, the effects of a strength training program using elastic resistance exercises to the explosive power and spike speed, which are very important elements for successful volleyball practice, has not been clearly demonstrated. Therefore, the aim of this study was to establish the effects of 8-week TheraBand training protocols on the development of spike speed, counter movement jump (CMJ) height, peak power and speed of upper limb performance of young female volleyball players. Methods: The participants consists of 20 competitive female volleyball players who regularly train at the same team and aged 15-17 years (age 16.2 ± 0.7 years). All the players were tested for spike speed, CMJ height, peak power and speed of upper limb performances before and after 8-week training program. The players were divided into Thera-Band Training Group (TTG; n=10) and Control Group (CG; n=10). Both groups continued technical and tactical volleyball training together 3 days (120 min.d.-1) a week.
INTRODUCTION
Volleyball is characterized as a ball game that requires biomechanical demands upon the musculoskeletal system as well as great deal of neuromuscular coordination, speed, agility, and power. Passing, setting, spiking, blocking and serving the ball are fundamental movements in a volleyball game, which requires implementation of various vertical or horizontal jumps, and speed actions. It has been suggested that volleyball players competing in better performing teams, have higher vertical jump values [27] . For novice and young players, these values are also considered as important performance indicators [17, 18] .
Besides the height of jump, the ability to spike the ball with highest possible speed are also important factors for performance of the volleyball players [17, 26] . Within this structure, spike is a complex movement pattern requiring flexibility, muscular strength, coordination and neuromuscular efficiency [5] . Therefore, the spike is described as the most explosive movement form among the overhead volleyball skills [5] .
It requires a straight approach to the ball with a right angle and jumping with good timing [54] . Volleyball players try to spike the ball at maximal height as this increases the chance to pass the block successfully and to place the ball in the opponent's side due to an optimized release angle [30] . The spike has the highest correlation to the team´s performance in competition [25, 44] and it contributes to about 44% of team's success [54] . The spike ability can be enhanced by increasing strength and power of the trunk and the chest/shoulder girdle area using a variety of resistance training and upper body plyometric activities [26] . Because of these demands the lower and upper body strength are very significant factors for performance and injury prevention in volleyball. Especially, shoulder extension strength at high speeds is considered very highly for spiking velocity and is also necessary for the young athletes. Therefore, participation in especially strength and conditioning programs are very important in protection of injuries among women [26] and adolescent female players [56] in volleyball.
Strength training protocols designed to optimize the efficiency and benefits in athletics, have gained popularity [35] . Particularly, to maintain or achieve shoulder-muscle strength and balance, previous research has suggested rotator cuff strengthening programs [38] . In order to increase their muscular strength, individuals prefer to participate in traditional resistance training programs [35] . Those programs are performed using gym equipment such as free weights or machines, resistance bands and their own body weight [7, 38] . Current research indicates that supervised resistance training can be a safe, effective and worthwhile activity for children and adolescents [3, 15] .
Elastic bands, rubber bands and tubing are produced by several manufactures under different product names, such as Thera-band, Elastic
Resistance Bands and Tubing. Elastic bands are available in an assortment of grades or thicknesses. Those kind of elastic resistance devices are widely used in the therapeutic and fitness settings [1] and light strength training by a short-term (4-5 weeks) exercise plan [31, 32] .
Elastic resistance bands never works against the gravity and can be used to train one or more joints at the same time [20] . Therefore, they could potentially be used as a feasible alternative for resistance training [29] and have also gained popularity because of their low cost, simplicity, versatility, accessibility, safety and portability. It has been reported that elastic resistance bands are a relevant tool for increasing muscular strength in young and old populations, both male and female adults with and without musculoskeletal pain [35] and can be used to assist the physical development of volleyball players [26] .
It has been well documented that resisted movement training is an effective training mode for increasing muscular performance in various sports such as basketball, taekwondo, and wrestling players [31, 32, 33] , therefore, it should be incorporated into the training program design.
Although elastic bands and 3-to 5-pound dumbbells were suggested to be use for the shoulder routine exercises in volleyball [19] , it is noteworthy that the effect of its use on young volleyball players in a longterm training is not revealed.
There are limited studies which have investigated the effects of short or long term (4-12 weeks) resistance training programs in young athletes concerning performance variables [12, 55] . The results of abovementioned studies demonstrated that resistance training programs increase throwing velocity muscular strength, power, and endurance youth baseball [12] and tennis players [55] , Furthermore, Treiber et al. [55] , concluded that resistance training using Thera-Band tubing and lightweight dumbbells might have beneficial effects on strength and functional performance in college-level tennis players. Additionally, transferability of strength gains achieved from general resistance training methods to sport-specific performance remain as a critical issue [31] , and it is not clear for volleyball skills such as spike speed.
Although jump height [17, 18] , and spike speed [25, 44] are known to be an important determinants of volleyball performance, to the best of our knowledge, there have been no studies to examine the effect of longterm Thera-Band exercises especially on the spike speed and jump height performance of female volleyball players.
Within this context, this study aims to determine the effects of an 8- were informed of the benefits and risks of the investigation, and written informed consent was received from them. All participants completed a questionnaire regarding their personal information (age of training, daily and weekly volleyball trainings) and medical histories.
Study design
This study was undertaken as mixed-model experimental design.
According to the preliminary test results, 20 female volleyball players were divided into Thera-Band Training Group (TTG; n = 10) and Control Group (CG; n = 10). Statistical analysis showed that the groups did not differ before the experiment with regard to any of the variables of training history, height, weight, and body mass index (BMI). in a standing position and the best performance was recorded [52] . All players were reported as right-handed. The dominant hand was defined as the one used for spike.
Countermovement jump (CMJ)
Earlier studies have shown that a CMJ is a reliable test to evaluate the explosive strength in the lower extremity extensor muscles in athletes [39] . Jump height (cm) was assessed using a portable jump mat (Newtest Three maximal jumps height (cm) were recorded. The best trial was included in further analysis [21] .
Peak power (PP)
The CMJ height was then used to determine peak power by the formula given in Lara et al. [36] TTG participants performed resistance training using a Thera-Band, and the exercises included total and segmental movements of upper limbs, trunk and lower limbs (Table 1) whereas the control group did not participate in Thera-Band exercises. The TTG had experience in using the Thera band at certain times during previous trainings in warm-up section.
During the first familiarization session, the participants learned the techniques for the exercises. They were also trained to use Thera-Band, instructed in the appropriate technique for every exercise. All participants were instructed to perform each repetition with a concentricto eccentric phase ratio of 1:2 (in a 3-s repetition; 1 s for the concentric phase and 2 s for the eccentric phase). The tension in the elastic TheraBand is adjusted according to performance of participants (i.e., by using greater elongation during exercise to increase the resistance, or changing to more resistant bands if necessary) to accommodate their improvements in muscular strength throughout the 8-week duration [12] .
Players were encouraged to exert maximal effort during all sets.
The color of the Thera-Band is the indicator of resistance of the TheraBand. Type (color) of the Thera-Band to be used is determined according to the level of players. Six feet of Thera-Bands were used for TTB training exercises. Training intensity was adjusted by changing the color of the Thera-Bands that means changing the resistance of the band.
Participants made progress in weekly resistance program using different color of Thera-Band throughout the training period (Table 1) . TheraBand colors and their relative tension are indicated as low (red), medium (green) and high (blue) [53] . The intensity of the exercises were determined changing the colours of Thera-Band every two or three weeks, assuming the participants completed all repetitions with proper form. The Thera-Band colours were used yellow for 1st and 2nd weeks, green for 3rd, 4th and 5th weeks, and blue for 6th, 7th and 8th weeks.
When participants could exceed 12 repetitions, the resistance was increased as keeping 12 repetitions per set. In the fourth phase (7-8 weeks), the exercises were selected to activate core and lower extremities muscles groups in the following order:
Diagonal Chop, Trunk Curl-up, Upright Row, Dynamic Hug, Front
Raise, Squat, Knee Extension (Prone), and Calf Raise. 
Statistical analyses
The descriptive statistics were expressed as mean ± SD, percentage changes, 95% confidence intervals, and effect size. The Mann-Whitney Additionally, the difference of the medians was given with 95% confidence interval (CI). All statistical analyses except Cohen effect size were performed using statistical analysis package (Version 20.0; SPSS, Chicago, IL, USA) with statistical significance set at p < 0.05.
STATISTICAL RESULTS
The groups' differences of the anthropometric and training characteristics are summarized in Table 2 . Between the two groups, there were no statistically meaningful differences (p > .05) among the pretest results related to physical (in age, mass, height, BMI) and performance variables (Table 3 ). The groups were found to be homogeneous in baseline measurements. Mean (± SD) performance variables comparisons between pretest and posttest measurements for the CG and TTG are shown in Table 3 . International Journal of Applied Exercise Physiology www.ijaep.com
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According to the differences of pretest and posttest, within groups, the Wilcoxon's rank-sum test results revealed significant improvements (p < .01) in the CMJ height (+14%, Z = -2.809, p = .005, Table 3 , Figure 1 ), peak power (+8.4%, Z = -2.803, p = .005, Table 3 , Figure 2 ) and spiking speed (+18%, Z = -2.829, p = .005, Table 3 , Figure 3 ), whereas there were no significant differences (p > 0.05) in dominant arm rate of motion (Z = -0.780, p = .435) ( Table 3) Performance variables of pretest and posttest for TTG (n = 10) and CG (n = 10)* *TTG = thera-band training group; CG = control group; CI = confidence interval., *Not significant ( p > .05)., ‡Significant (p ≤ 0.05). †Significant (p ≤ .01).
DISCUSSION
The main finding of this study was that the 8-week (2 d.wk-1, 60 min. In the present study, training containing Thera-Band technique and condition was implemented in addition to regular volleyball training at twice a week. Although present study was the first to examine the effect of Thera-Band training program to athletic performance of female volleyball players, our findings were consistent with previous studies that reported some indirect evidences that seem to confirm our findings.
There are limited studies [4, 12, 55] that have investigated the effects of resistance training program in youth baseball, handball and tennis players on athletic performance variables. It was reported that a significant increase in ball speed of the tennis serve could be after 4-week of TheraBand and dumbbell strength training to the shoulder in collegiate players [55] . Gorostiaga et al. [22] found that handball throwing velocity in adolescent handball players increased after resistance training.
Furthermore, Carter et al. [4] concluded that although both resistance training and plyometric training for upper extremity after 8-week resulted in strength gains, only the plyometric training group improved their throwing velocity by 2.0 mph in collegiate baseball players. These results are supported by data from Escamilla et al. [12] , who reported that the baseball players improved their throwing velocity to the 2. In the present study, our experimental group showed significantly greater performance improvement in the spiking speed (+18%) at the end of the 8-week (51.48 km/h in pre-training vs. 87.20 km/h in posttraining). In contrast, the controls showed no change in spiking speed ability (0%). In other words, the effects of the Thera-Band training program contributed to the velocity of volleyball spike. These results are supporting the argument of De Renne et al. [11] who reviewed the effects of general, special, and specific resistance training types on throwing velocity can be increased with general resistance training for high school and college players. It has been stated that transferability of strength gains achieved from general resistance training methods to sport-specific performance remain as a critical issue [31] . Therefore, the present study results show that spike speed, which is a sport-specific performance, was increased and transferability of strength gains were achieved by resistance training methods. Because of the spike is a complex and the most explosive movement form among the overhead volleyball skills [5] , our results are even more meaningful. Hence, it seems that the use of elastic resistance by Thera-Band is highly recommended for young volleyball players in order to improve their spiking speed performance levels.
During the volleyball spike, power of the trunk and upper limbs are integral parts of the energy transferred by the kinetic chain from the lower to upper extremities. Therefore, the exercises program was also designed to provide an improvement in the kinetic chain. Although the relationship of strength and spiking ability were not investigated in our study, it can be concluded that inclusion of exercises that are designed to increase the strength of upper and lower limbs may enhance a player's spiking ability. It has been reported that shoulder extension strength is the dominant physiological variables related to achieving higher spiking speed for collegiate female volleyball player [16] . On the other hand, a study conducted by Pugh et al. [46] stated that there was a moderate relationship between strength and ball speed in the volleyball spike. It has been suggested that an absolute level of strength would have been necessary but not sufficient for ultimate ball speed. Ball speed may be a combination of several factors such as technique, coordination, flexibility, and strength [46] . This relationship should be examined in further researches.
Explosive leg muscle power is an important part of increasing vertical jump performance [51] , and hence it is beneficial to include exercises that develop leg muscle power in the overall conditioning program of volleyball players [59] . Achievement of a greater jump height in volleyball provides advantages for attack and block, which means that jump height is directly related to performance in volleyball. Increased eccentric loading also occurs with the use of elastic bands [9] which has been reported to be associated with higher force values than concentric loading [57] . In the present study, the eccentric and concentric loads condition with Thera-Band training promoted significantly better jump height performance and lower-body peak power after 8-week of training.
Thera-Band resistance training combined with volleyball training had effects the peak power, evaluated with the average height of vertical jumps according to Lara et al. [36] . There were significant differences between groups for CMJ performance, that is, the TTG group showed higher CMJ performance than the CG. CMJ performance increased 6. developing higher tension, adding or storing more contractile elements, and rejuvenating elastic energy [6] . The recent studies [40, 59] reported that 8-week training is needed specifically for motor capacity and strength development, especially when participants are young. This approach is consistent with the results of our study since considerable amount of positive effect on strength development was observed after young female volleyball players performed exercise training of 8-week.
It can be suggested that Thera-Band training results in strengthening leg muscles and increasing the speed of the motor reflexes of the legs. The Thera-Band training including multidirectional lower body exercises offers a unique and novel training stimulus that brings about important results.
Because there was a significant difference between PP values of the TTG and the CG, one might also consider that the training model contributes to greater storage of elastic energy in TTG players. The mechanisms behind the superiority of the TTG in terms of power, and jump height values are likely a combination of neurogenic and myogenic factors [47] . In the present study, these mechanisms were not directly examined and this topic needs more studies. However, with extra loads, these mechanisms produce greater stretch of the intrafusal muscle fibers which would promote greater stimulation of the associated motor neurons. Furthermore, this situation might evoke the transmission of greater than normal afferent nerve impulses to central nervous system and the creation of positive impacts on muscular performance [48] . The higher PP values for performance of legs of TTG as compared with the CG can be explained by neuromuscular adaptation. Some studies suggest that the optimum external loads to maximize power output could be as high as 70% of body weight [24] , while others point out the sufficiency of bodyweight indicating that external load is not required [42] . Based on the results of this study, it is figured out that even lower external loads created by Thera-Bands affects the CMJ performance and the power output in jump positively. The recorded values of the increase in the jump height shares similarities with former studies that interpreted the impacts of training with 'negative' loads [49] , training without additional load [8] , and training with added weights [41] . The results from both the plyometric training [37] are consistent with the results that are obtained from recent study.
The plate tapping test was intended to measure the movement speed of the upper extremities of the players. This test is a reaction test using an alternating tapping action, which measures upper body reaction time, hand-eye quickness and coordination. In previous studies, it is found out that yoga practice improves repetitive tapping performance in adults and children of both sexes [10] and also in volunteers who used a computer keyboard for more than 5 hours a day [52] . Thera-Band resistance training combined with volleyball training or volleyball training alone had no effects on dominant arm rate of motion, which was evaluated with plate tapping test [2] . According to the results of the test, there was no significant difference between TTG and CG in terms of the movement speed of the upper extremities. A lack of movement specificity might have contributed to the fall of the resistance training at increasing mean dominant arm rate of motion in the present study. Another reason for that might be velocity differences of the training modal related to the tested movement. Methodological, proprioception, and dose-response issues might be interpreted as expounding for this lack of sufficiency of resistance training. Finally, the number of training sessions might not have been sufficient to improve proprioception. This would be in concordance with the current position statement of the National Strength and Conditioning Association [13] , indicating the need for specificity of training.
There are some limitations to be considered when interpreting results of this study. The main methodological limitation of this study was the small sample size, although medium-to large-effect sizes were obtained for most of the variables. Another limitation of the present study was that functional strength ratios and ROM of the shoulder rotators were not investigated which could have provided more specific information about the effectiveness of the present training program. Our findings were limited to one particular category of volleyball players-young female. Thus, the results of the present study should be considered exploratory and should serve to suggest methods for future investigation.
Future studies should extend these observations to the different age and gender groups at the other levels of competitors with larger sample size.
Despite these limitations, we can conclude that well planned 2 days per week Thera-Band training with duration of 8-week, in addition to technical volleyball training, led to improved CMJ height, lower limb power, and speed of spike performance, however, it had no significant impact on the movement speed of the upper extremities.
It must be noted that there is a lack of information concerning the effects of Thera-Band training program in the muscle performance especially on female players. Furthermore, this is the first study to examine how improvements of muscular strength, power and spiking speed performance of young female volleyball players are influenced by Thera-Band training.
Based on the results, we can conclude that supervised Thera-Band Competitive players should use Thera-Band exercises program that is implemented in our study. Further studies should also focus on the longterm effectiveness of Thera-Band training and its relationship to strength, power, flexibility and spike speed exercises for different ages and genders.
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